Abstract
INTRODUCTION
Peripheral neuropathy is one of the most serious side effects in cancer chemotherapies. Chemotherapyinduced peripheral neuropathy (CIPN) is well known to occur due to taxanes, platinum analogues, vinca alkaloids, and molecular target drugs such as bortezomib [1] . A few of the mechanisms by which CIPN is caused by these chemotherapeutic agents are known [2] [3] [4] [5] [6] , but most of the mechanisms remain unclear, which makes CIPN difficult to control. Calcium and magnesium infusions, glutathione, and anticonvulsants (e.g., carbamazepine) are used to prevent CIPN, but their effects are limited. In addition, once CIPN appears, anticonvulsants, tricyclic antidepressants, alpha-lipoic acid, and opioids often fail to improve it [7, 8] . The most serious problem is that the abrogation of chemotherapy is required to prevent the exacerbation of CIPN symptoms, even when the chemotherapy is effectively treating the cancer.
Japanese traditional (Kampo) medicine, which originated in China and has been uniquely modified in Japan for 1500 years, can be used to treat a wide variety of diseases based on Kampo-specific diagnostics, regardless of the pathogenesis determined on the basis of conventional medicine. The Japanese Ministry of Health, Labor, and Welfare has approved 294 Kampo formulas for clinical use, which means that these formulas are also approved for reimbursement by Japan's national health insurance system. Of these 294 formulas, 148 have extract granule-type (freezedried extracts of herbs) formulas and are manufactured by several licensed pharmaceutical companies in Japan, whereas all 294 formulas are also available as decoctions. Recently, Kampo medicine has received renewed attention because it provides a valid approach to treating symptoms refractory to conventional medicine and because one Kampo formula is often effective for treating a patient's various complaints by improving the patient's physical and mental balance as a whole; it is also likely that Kampo medicine decreases the inflated medical costs that result from the overprescription of medications to treat refractory symptoms and many other physical and mental complaints [9] . CIPN has been treated with Kampo medicine in Japan's clinical practice for decades, and clinical trials of Kampo medicine for the prevention or treatment of CIPN have been conducted using goshajinkigan (GJG, Niu Che Shen Qi Wan in Chinese) [10] [11] [12] [13] [14] , shakuyakukanzoto [15, 16] , and keishikajutsubuto [17] . However, most studies were of an anteroposterior comparative nature using Kampo formulas that were not chosen by Kampo expert doctors but by oncologists, which means that the Kampo formulas were not properly chosen based on Kampo-specific diagnostics. There have been only a few reports done by Kampo expert doctors themselves. Kampo expert doctors are conventional medical school graduates who start training to become Kampo experts after becoming certified physicians or specialists in another medical field, such as surgery or pediatrics, which means that Kampo experts are also conventional medical experts. When Kampo medicine is prescribed by non-Kampo experts, its effectiveness can be limited, while it shows remarkable effectiveness, especially when chosen based on a Kampo-specific diagnosis irrespective of the conventional diagnosis.
We herein performed a retrospective case series study which examined the effectiveness of Kampo medicines chosen by Kampo expert doctors in patients with CIPN.
MATERIALS AND METHODS

Patients
A total of 281 patients diagnosed with cancer were identified by searching our outpatient database of 3154 patients who consulted our outpatient clinic of Japanese-Oriental (Kampo) Medicine at Chiba University Hospital from when our outpatient clinic was established in November 2005 to December 2010. Twenty-four patients out of the 281 patients identified met the following three conditions and were eligible for further investigation of the effectiveness of Kampo treatment: At least one course of cancer chemotherapy had been administered; numbness and pain appeared after the chemotherapy; and CIPN was diagnosed before they were given Kampo treatment.
Kampo treatment
In this study, Kampo formula was individually chosen by Kampo expert doctors in our outpatient clinic based on Kampo-specific diagnostics and was prescribed in the form of decoctions or extract granules according to each patient's preference and each doctor's decision (see the content of each Kampo formula at: http://dentomed. u-toyama.ac.jp/en/medical_information_on_kampo_for mulas/).
Endpoints and evaluation
The 24 patients' medical records were examined retrospectively. The checklist used to conduct the examination included the following items: Patient background (age, sex, and cancer type), contents of chemotherapy, period from onset of CIPN to the start of the Kampo treatment, and the effectiveness of the Kampo treatment.
The effectiveness of the Kampo treatment was selfevaluated by the patients in this study. They described their unpleasantness mixed with pain, numbness, and pins-and-needles sensation and those symptoms were prone to change into each other even during the Kampo treatment. The patients in the clinical records, therefore, described the improvement of symptoms how many percent of symptom reduction or how many points of the 11-Point Numerical Rating Scale for Pain Intensity was gained in terms of the total unpleasantness including pain, numbness, and pinsand-needles sensation comparing before and after the Kampo treatment. In this retrospective study covering 5 years, their improvement of symptoms was equally defined as signifying a "major response" when the whole unpleasantness showed reduction by 50% or more, a "minor response" when the reduction was less than 50%, and "no response" when they felt no positive response, comparing before and after the Kampo treatment. When the pain, numbness, and pinsand-needles sensation were present at two or more sites, we used an averaged evaluation. We evaluated the improvement in other cancer-and cancer-chemotherapy-associated symptoms in addition to CIPN in all cases because Kampo treatment is known to often be effective for other symptoms as well as the target symptom, as described earlier.
Our current study was approved by the Ethics Committee of Chiba University Hospital (Identification No. 1555).
RESULTS
Patient characteristics
The 24 cases consisted of 18 females and 6 males, and their ages ranged from 39 to 86 years (mean 61.2 ± 11.5 years) ( Table 1 ). Eleven out of the 24 cases involved breast cancer (45.8%), 4 cases involved gynecological cancer (16.7%), 3 cases involved hematological tumors (12.5%), 3 cases involved gastrointestinal carcinoma (12.5%), and 3 cases involved other tumors (12.5%).
Taxanes (15 cases, 62.5%) were the most-used among the chemotherapies responsible for peripheral neuropathy, followed by platinum analogues including oxaliplatin and cisplatin (7 cases, 29.2%), vinca alkaloids (3 cases, 12.5%), bortezomib (3 cases, 12.5%). The responsible chemotherapeutic agents overlapped in 4 cases. Table 1 also shows the duration from the end of the responsible chemotherapy to the start of the Kampo treatment. Six cases (25.0%) received Kampo treatment during chemotherapy, 8 cases (33.3%) received it within 6 mo after the chemotherapy was ended, 4 cases (16.7%) received it 7-12 mo after the chemotherapy was ended, and 6 cases (25.0%) received it more than 13 mo after the final chemotherapy. Table 2 shows the Kampo formulas used in our study and their response rates. The GJG-related formulas were the most frequently used (6 cases, 25.0%). Among these GJG-treated patients, 2 patients used the extract granule-type (abbreviated to "E" in Table  2 ) of GJG alone, but the other 2 patients used the decoction-type (abbreviated to "D" in Table 2 ) of GJG or a combination therapy with the extract granule-type of other Kampo formulas. The second-most frequently used Kampo formulas were hachimijiogan (HJG, Maimen-dong-tang in Chinese) and keishibukuryogan (KBG, Gui-zhi-fu-ling-wan in Chinese) (3 cases, 12.5%, for each). GJG and HJG are categorized into the same group in our current study because they are very similar formulas, which made HJG the top KBG in the classification given in Table 2 , as will be discussed later. All other Kampo formulas were used in 2 cases or fewer.
Efficacy of Kampo treatments
Effective Kampo formulas
All Kampo formulas are categorized into 3 groups depending on whether those formulas tend to have "warming" effects or not (Table 2 ). For example, aconite roots are supposed to have the strongest warming effects among the Kampo herbs used to improve local coldness and cold intolerance and to ameliorate pain, numbness, and body fluid metabolism by means of these warming effects. 
Configuration of Kampo formula and response rates
Decoction-type formulas tend to be superior to extract granule-type formulas in therapeutic efficacy (Table 3) . In our study, the decoction-type ("D" in Table 3 ) was used in 10 cases, the extract granule-type ("E" in Table  3 ) in 12 cases, and a combination of the decoctionand extract granule-types in 2 cases. Beneficial effects (major and minor responses) were seen in all (10 out of 10) cases treated with decoction-type formulas, while 9 out of 12 cases treated with extract granule-type formulas showed beneficial effects. Table 4 shows the correlation between the chemotherapeutic agents responsible for peripheral neuropathy and the response rates to Kampo treatment. The response rates were 100.0% (5 out of 5 cases) in cases treated with platinum analogues (oxaliplatin in 2 cases and cisplatin in 3 cases) and 84.6% (11 out of 13 cases) in those treated with taxanes. On the other hand, cases that underwent chemotherapy that included vinca alkaloids had lower response rates than the other cases.
Responsible chemotherapeutic agents
Timing of Kampo treatment after responsible chemotherapy
We also investigated the correlation between the response rates and the time elapsed from the end of the responsible chemotherapy to the start of the Kampo treatment (Table 5) . Beneficial effects were observed in 5 out of 6 cases (83.3%) in which the Kampo treatment was started during chemotherapy, in 7 out of 8 cases (87.5%) in which the Kampo treatment was started within 6 mo after the chemotherapy ended, and in 4 out of 4 cases (100.0%) in which Kampo treatment was started between 6 and 12 mo after the chemotherapy ended. Four out of 6 cases (66.6%) in which more than 12 mo had passed after the responsible chemotherapy ended still showed positive effects.
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DISCUSSION
Conventional medical doctors in Japan introduce patients to Kampo experts when the Kampo medicines prescribed by them are not effective enough or when conventional medicine cannot improve patients' symptoms [18] . Quality control of the herbs used in Kampo has been established for both extract granules and decoctions, and the safety and reliability of Kampo have been well-established through the strict monitoring of side effects under the control of the Japanese Ministry of Health, Labor, and Welfare in the same way as conventional medicines are used [19] . In addition, the clinical efficacy of some Kampo medicines, especially daikenchuto and yokukansan, has been demonstrated in many clinical trials done in the United States and Japan by conventional medical doctors using the standard methods of conventional medicine [18, [20] [21] [22] [23] . CIPN is one of the most frequent reasons for the early cessation of cancer treatment and can result in an increased risk of recurrence and a decreased survival rate [7] . This is the case simply because there is no medication for CIPN that has shown strong evidence of effectiveness in clinical trials [7, 8] . In our study, a beneficial response was observed in 83.3% of cases treated with Kampo medicine; the severity of CIPN was reduced by more than half in 9 out of 24 cases (37.5%, shown in Figure 1 ). In addition, those patients with CIPN had already tried conventional medicine to reduce the severity of their symptoms but had seen no positive effect before consulting our clinic. The present result strongly suggests that Kampo formulas, when chosen by Kampo expert doctors based on Kampo diagnostics, are effective for treating CIPN refractory to conventional medicine.
In the past several years, there have been many reports on Kampo medicine's effectiveness in treating CIPN [10] [11] [12] [13] [14] [15] [16] [17] . In particular, peripheral neuropathy caused by oxaliplatin was reported to be preventable by the prophylactic use of GJG [10, 11] , and GJG was found not to decrease the anti-tumor effect of oxaliplatin [11] . Clinical trials have shown not only GJG's prophylactic efficacy 
in treating CIPN but also its effectiveness in treating CIPN that has developed after chemotherapy [12] [13] [14] . GJG was the most frequently used Kampo formula in the present study, even when Kampo expert doctors chose the appropriate Kampo formula for each patient based on Kampo-specific diagnostics. GJG is composed of 10 herbs, and the mechanisms by which it improves pain and numbness are not fully understood. Some of these mechanisms are known, such as stimulation of the intraspinal κ opioid receptor [24] , promotion of the production of carbon monoxide (NO) in the algesthesia perception site, and increased peripheral blood flow [25] . Some of these effects were reported to be mainly caused by the aconite root included in GJG [26] , but the effects of GJG are superior to those of aconite root alone [24] . Aconite root has been used to treat hypofunctional state and cold intolerance in Kampo medicine and traditional Chinese medicine for thousands of years [27] . Aconite root contains many alkaloids such as aconitine and mesaconitine, which are known to have cardiotonic, analgesic, and vasodilator actions [28] [29] [30] [31] . Moreover, when a Kampo formula is partly effective, the addition of processed aconite root sometimes augments the formula's efficacy among patients with pain exacerbated by coldness [15, 27, 32] . In addition to GJG, the Kampo prescriptions used in this study mostly contained aconite roots and had warming effects. Intriguingly, 13 out of 24 cases (54.2%) were prescribed aconite-rootcontaining formulas, which is a remarkably high rate given the fact that there are only 25 aconite-root-containing formulas among 294 Kampo formulas. Given that 8 out of 24 cases were prescribed other formulas with warming effects, a total of 21 out of 24 cases (87.5%) were prescribed formulas with warming effects to reduce their symptoms.
Decoction-type formulas showed a higher response rate than extract granule-type formulas ( Table 3 ), implying that decoction-type formulas may be more efficacious than extract granule-type formulas. Extract granule-type formulas, however, were also effective for treating refractory CIPN in our study and were especially beneficial because of the small amounts (generally 6-9 g/d) required and their portability. In addition, if a Kampo formula improves a patient's physical and mental imbalance as a whole, this single formula can often treat a wide variety of symptoms, even if the formula is of the extract granule-type. In fact, in our study, symptoms were also observed after Kampo treatment was initiated (data not shown). The improved symptoms included edema in 6 cases, fatigue and constipation in 4 cases each, and other symptoms in 8 cases. A previous study also reported that the benefit of Kampo treatment includes reducing peripheral neuropathy but also extends to ameliorating the side effects of cancer therapy or the symptoms of the cancer itself [33] . The major response rate in patients who started Kampo treatment during chemotherapy was not high (33.3%, as shown in Table 5 ). This means that the damage caused by ongoing chemotherapy is stronger than Kampo's therapeutic effect, although Kampo may contribute to the patients' ability to continue the chemotherapy by alleviating some side effects [10, 11] . CIPN has been known to spontaneously resolve over time in some cases [34] , and this may have happened in some patients in our study as well. However, it is not likely that CIPN would naturally go into remission during a repeated administration of the responsible chemotherapy or after more than a year had passed since the last responsible chemotherapy in cases in which CIPN had not been reduced at all until the start of Kampo treatment. In several previous reports, Kampo treatment was started after chemotherapy began or after CIPN occurred and was shown to have beneficial effects [10] [11] [12] [13] [14] [15] [16] . CIPN caused by taxanes and platinum analogues showed a high therapeutic response to Kampo treatment, and CIPN caused by vinca-alkaloid-containing chemotherapies showed a low response, indicating that Kampo's effectiveness differed depending on the responsible chemotherapeutic agent. There is also a possibility that the mechanism by which CIPN develops and that by which Kampo formulas have their effects are different depending on the chemotherapeutic agent responsible.
Our current study has many limitations due to the small study population and the retrospective methodology. Another limitation of this study is the potential for gender bias (the study included 16 females and 8 males as shown in Table 1 ), which reflects that the use of complementary and alternative medicine (CAM) is more prevalent among women [35] and that many more females than males come to our outpatient clinic for the treatment of other diseases as well. However, despite these limitations, our current study shows that the use of Kampo formulas for treating CIPN is promising and can be effective, especially when the Kampo formulas are chosen by Kampo expert doctors based on Kampo-specific diagnostics. This is a preliminary retrospective case series study that we expect will contribute to the design of a future clinical trial in which Kampo-specific diagnostics will be used to choose Kampo formulas to investigate Kampo's effectiveness in ameliorating CIPN. There are few valid approaches to treating refractory CIPN; thus, CIPN often leads to the discontinuation of chemotherapy and the deterioration of the patient's quality of life. Our results showed that Kampo formulas can reduce the severity of CIPN, even if a long interval has passed since the last chemotherapy, or during the repeated administration of chemotherapy. Kampo formulas chosen based on Kampo-specific diagnostics can be effective, and Kampo treatment should be considered as an alternative approach to treating CIPN that is refractory to conventional medicine.
COMMENTS
Background
Cancer chemotherapy-induced peripheral neuropathy (CIPN) is often refractory to conventional medicine and results in the discontinuation of treatment with potentially effective anticancer agents. Kampo medicine has been reported to be effective in CIPN but Kampo formulas were not chosen by Kampo expert doctors but by non-Kampo expert oncologists in most those studies.
Research frontiers
Aconite, which was included in 13 out of 24 cases (54.2%) in the authors' study, has been recently reported to show an analgesic activity by attenuating the hypersensitivity of neural cells. The prophylactic use of goshajinkigan (GJG), one of representative Kampo formulae including aconite, was reported to be preventable for peripheral neuropathy caused by oxaliplatin and GJG was found not to decrease the anti-tumor effect of oxaliplatin.
Innovations and breakthroughs
There have been many reports on Kampo medicine's effectiveness in treating CIPN lately and the effectiveness of a single Kampo prescription were examined in each report. This is the first study performed in Kampo-specialized clinic showing what Kampo medicine is often chosen by Kampo expert doctors.
Applications
Most Kampo prescriptions chosen by Kampo expert doctors contained aconite roots which treat hypofunctional state and cold intolerance. In addition, decoction-type formulas, which in Japan are mostly prescribed by Kampo expert doctors, showed a higher response rate than extract granule-type formulas. These findings in this current study suggest that Kampo prescriptions including aconite roots, especially decoctions chosen by Kampo expert doctors, have more beneficial effects even on refractory CIPN to conventional medicine.
Terminology
CIPN occurs due to taxanes, platinum analogues, vinca alkaloids, and molecular target drugs such as bortezomib and is often refractory to conventional medicine. The most serious problem is that the abrogation of chemotherapy is required to prevent the exacerbation of CIPN symptoms, even when the chemotherapy is effectively treating the cancer.
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